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Section 1

INTRODUCTION AND SUMMARY

Under Contract No. N00228-82-C-8170 with the Naval Environmental Prediction
Research Facility (NEPRF), Calspan provided aerosol characterization support
to the Naval Oceanographic Research and Development Activity's (NORDA) Project
iDonde Va?, a study of the oceanographic features of the Alboran Gyre. The
observation effort, Task 1, was carried out from aboard the USNS BARTLETT
during a 10-day cruise in October 1982 on the Alboran Sea, the western-most
portion of the Mediterranean immediately inside the Straits of Gibraltar.

While the aerosol characterization measurements were obtained in cooperation
with and in support of Project (Donde Va?, the aerosol data were collected
primarily for use in NEPRF's investigation of atmospheric optical properties
and 'gray' shades. Since obscuration in the atmosphere is largely dependent

on that portion of the aerosol population at sizes >0.1 pm diameter and because
deliquescent aerosols fluctuate in size with fluctuating relative humidity,

the observation effort centered on both the physical and chemical properties

of aerosols of size >0.1 um and on supporting meteorological variables.

As Task 2 of this contract, the data were reduced and analyzed to provide
information for interpretive analyses of boundary-layer aerosol character-
istics along specific ship-tracks. The reduced data were intended for poten-
tial correlation with overflight imagery and radiance data, with optical depth
estimates from sun photometry data, and with possible atmospheric effects
related to sea surface temperature gradients in the northern half of the
Alboran Gyre. However, for Calspanfs analyses, radiance data were not yet
reduced and only limited imagery were available. Hence, Calspan's efforts
focused on providing reliable aerosol, optical depth and meteorological
documentation for future use in interpretation of overflight imagery and

radiance data; our analyses were limited to correlations between aerosol



population characteristics, optical depth estimates, and attendant meteoro-

logic/oceanographic/geographic scenarios.

The findings of this study are briefly summarized as follows:

Optical depth as computed from sun photometer observations appears
to be well correlated with surface measurements of visibility

(scattering coefficient) integrated as a function of the relative
humidity profile over the boundary layer, assuming a well-mixed

boundary layer with respect to aerosols.

Colder water in the northern portion of the Alboran Gyre is
apparently directly responsible for lowering air temperature,
increasing relative humidity and producing a shallow, stable
boundary layer over the northern portion of the Alboran Sea.
There is some evidence to suggest that the inversion capping this
shallow boundary layer, on occasion, traps aerosol plumes in the

surface layer, causing these plumes to extend in an easterly

direction from the Gibraltar area, parallel to and directly over

east-west oriented isotherms of the Alboran Front.

Aerosol populations over the Alboran, although characterized by

high proportions of NaCl, are typical of aerosols observed at

other near-coastal locales: i.e., concentrations of small particu-
lates peak at mid-day due to photochemical processes and anthropogenic
activities while concentrations at large sizes exhibit minima

at mid-day due to daytime relative humidity minima. In the near
shore areas (within 35 km), total particle concentrations average
v507 greater than those observed in the mid-Alboran; while

particle concentrations at sizes >0.3 um diameter, on the average,

were comparable for both near-shore and mid-Alboran locations.



This report documents these findings and summarizes results of the analyses
efforts. Section 2 presents a summary of cruise and experiment protocol,
an overview of the data set, and results. Discussion of the observed rela-
tionship between optical depth and surface-level extinction may be found
in Section 2.2. A synopsis of cruise activities, detailed presentation of
the data and interpretive analyses of the data sets in the context of the
attendant meteorologic/dceanographic/geographic scenario are presented in
Section 3, organized chronologically for each day of the observation period.
The hourly data recorded by Calspan are provided in 'log' format, along with
discussion of individual variables and description of instrumentation, in
Appendix A. Supporting analyses and reduced data are provided in Appendix B.

A brief discussion of the Alboran Gyre is reproduced in Appendix B-5.



Section 2

RESULTS

The objective of Calspan's participation in the Alboran Sea Experiment,
i.e., Project iDonde Va?, was to provide aerosol characterization for poten-
tial correlation with satellite-derived 'gray-shade' imagery (References 1, 2)
and radiance data and with possible atmospheric effects resulting from sea
surface temperature gradients associated with the Alboran Gyre. In this
context, we have attempted to provide an overall assessment of the aerosol
population encountered during the 10-day observation period. 1In additiom,
we were able to correlate optical depth with integrated boundary-layer ex-
tinction coefficient estimated from surface-level measurements. This section
provides discussion of these results, a brief descriptidn of instrumentation
and experiment protocol, summaries of the data, an overview of marine aerosol
characteristics, and results of interpretive analyses. Additional informa-
tion on NORDA's Project i/Donde Va? and more detail on the oceanographic features

of the Alboran Gyre may be found in References 3-6 and in Appendix B-5.
2.1 SUMMARY DISCUSSION OF THE ALBORAN DATA SET

20 JLEL Experiment Protocol and Instrumentation

Calspan measurements were obtained from aboard the USNS BARTLETT
during the period 9 through 18 October 1982, principally during daylight
hours from 0600 to 1900 GMT. An hourly observation schedule was maintained,
with special observations occasionally made at half-hour intervals or later
into the evening hours. Approximately 150 observation sets (particle concentra-
tions at sizes >0.003 (Aitken), €.32 and 3.2 um, scattering coefficient, air
temperature, RH, visibility, winds, and cloud cover) were obtained duriag
the daylight hours of the cruise. In addition, more than 50 aerosol samples
were acquired (at 3~hr intervals during daylight) for subsequent chemical
composition analyses, and more than 50 impactor samples were collected (simul-
taneously with the chemical samples) for later analysis to provide large-

particle (3 to >50um) size-spectra data. Sun photometry data were also



CALSPAN OBSERVATIONS, INSTRUMENTATION AND MEASUREMENT SCHEDULE

Table 1

(USNS BARTLETT, 9-18 October 1982, Alboran Sea)

MEASUREMENT

PARAMETER INSTRUMENT INTERVAL
Tsral serosol concentration (sizes >.003 um dia) Gardner Small Particle Detector hourly
Aerosol size spectra (0.3-5.0 um dia) Royco Model 225 Particle Counter 10 min.
Aqueous aerosol size spectra (3.0->50.0 um dia) Calspan Sea Spray Sampler (gelatin repl.) 3 hr.
Individual particle class. by chemistry (>0.1 um) Casella-Type Cascade Impactor 3 hr.
32:;;2:?25 %gfggi;iint (0.1-100x10-4m'1) MRI Integrating Nephelometer, Mod. 2050 continuous
Sun Photometry (0.4-1.1, 0.502 um X UDT Mod. 40x Opto-meter
$° aperture) (Calspan modified) houx Ly;
Wet/Dry bulb temperatures, RH Sling Psychrometer hourly
Winds, Weather, Cloud Cover Manual Meteorologic Observations hourly

obtained (hourly, when possible) on six days and for several hours on 2 other

days. Instrumentation, observed variables and measurement intervals are

listed in Table 1.

Since NORDA's primary objective was study of the Alboran Gyre, the cruise

plan was designed to produce cross-sectional observations (primarily north-

south) of the oceanographic features of the Gyre.

Interest also centered on

possible atmospheric or aerosol effects resulting from the sea surface
temperature gradient which develops in the northern half of the Gyre. The
BARTLETT's track, based on NORDA's experiment requirements, resulted in
daylight (0600-1900 GMT) positions and tracks as shown on the chart in

Figure 1.
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Since aerosol characterization was intended principally for
correlative analyses with overflight data, Calspan's data acquisition was
concentrated during the daylight hours represented by the tracks in Figure
1. It is obvious from the chart that the bulk of the aerosol data set was
obtained in the northern half of the Alboran Sea. (Some additional aerosol
data were acquired in the area offshore of Marbella by NEPRF personnel

aboard a Spanish vessel, the Naucrates.)

12.1.2 Background and Overview of Maritime Aerosol Populations

In recent years, Calspan has made observations of aerosol characteristics
at a number of maritime locales in North America and LEurope as well
as in the mid-Atlantic (References 7-15). Briefly summarizing, the data
show that the marine aerosol population varies considerably in number con-
centrations and chemical composition, both spatially and temporally and does
not necessarily comprise solely sea salt aerosols; continental/anthropo-
genically-derived materials--i.e., sulfates, organics, fly ash, silicates
and other minerals--can be found over several thousand kilometers offshore.
These data are summarized in Tables 2 and 5.

In remote or mid-ocean areas, total particle concentrations are typically
<500 cm—3, while number concentrations at sizes >0.1 um and >1.0 um diameter
are typically 100 and 1 cm_3, respectively. Particle concentrations, parti-
cularly at larger sizes, fluctuate by an approximate order of magnitude over
periods of days; fluctuations of these predominantly sea spray particles
appear primarily dependent on sea state and relative humidity. Direct
measurements of sea spray (away from surf zones) suggest that number concen-
trations are constant in the vertical in the lowest few 10's of meters and
that sea spray droplets are not necessarily locally generated; maximum sizes
at wind speeds of <15m/sec are typically ~40 um diameter. These observations
demonstrate that, while continental-source aerosols can at times account for
up to 50Z of the aerosol at sizes 0.2 um, mid-ocean aerosols are principally
sea salt with equilibrium concentrations controlled by a balance between

production and evaporation.

~1
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In immediate coastal areas total particle concentrations (Aitken nuclei)
are of the order of 104 cm-s, while number concentrations at sizes >0.1 pm
and >1.0 ym diameter are typically wlO3 and 1 cm-3, respectively. Dramatic
fluctuations in the aerosol population (including up to several orders of
magntiude in number concentration) occur diurnally as a result of at least
four diurnal cycles: photochemical gas-to-particle conversion processes,
industrial and other anthropogenic activity, and land/sea breeze and relative
humidity cycles. At mid-day concentrations of small particles <0.1 ym
diameter peak due to photochemical processes and anthropogenic activity, while
concentrations of larger particles reach minima as a result of daytime heating
and relative humidity minima. With the onset of the afternoon sea breeze
and influx of fresh 'marine' air, small-particle concentrations rapidly
decrease and concentrations of larger particles ( >0.1 yum diameter) begin to
increase. Large-particle concentrations reach maxima during noctural hours,
coincident with maxima in relative humidity. Independent of changes in the
large particle spectrum due to deliquescence effects. wind shifts produce
local changes in aerosol chemistry related to sources and source regions,
air mass characteristics, and anthropogenic activities. As a result of the
combined effects of these processes in coastal regions, particle concentrations
at opposite ends of the size spectrum can fluctuate simultaneously in opposite

directions, while aerosol composition can fluctuate independently of

number concentration.

Our prior measurements demonstrated that continental/anthropogenic effects
can extend to distances >103 kilometers to sea. It is not unexpected, therefore,
that aerosol data obtained on the 150 km wide (north to south) Alboran Sea
reflect the proximity of two continents. With continental influences super-
imposed on Atlantic airmasses which typified the observation period, the
'average' aerosol population on thé Alboran is generalized as follows:
moderate concentrations (1500-10000 cm_3) of small particulates ( <0.1 um
dia) fluctuating by a factor of ~50 with a tendency to peak at mid-day; and
moderate concentrations (2-20 cm—3) of larger particles ( >0.3 ym) with a
tendency to minima at mid-day; aerosol composition was dominated by sea salt
(averaged 70% of the aerosols >0.2um dia during the 10 day cruise) with an

occasional fluctuation to higher proportions of silicates or sulfates.

10



The averaged Alboran data are compared with data obtained at other maritime
locales in Tables 2 and 3. Inspection of the Tables reveals that total
aerosol concentrations on the Alboran were not as high as have been observed
on shore nor as low as observed at remote mid-ocean locations. Further,
while the NaC2 (sea salt) fraction appears unusually high, silicate and other
salts were found in higher proportions than observed in more remote marine
locales. Thus, it is readily apparent that the general character of the Alboran
aerosol population is comparable to that observed at other offshore coastal

locations.

2.1.3 Summary of the Alboran Data Set

The period 9-18 October 1982 on the Alboran was a meteorologically
active period, with a succession of upper-level troughs and surface fronts
producing considerable cloud cover, alternating periods of strong and light
winds, whitecapping and calm seas. Daylight winds were generally from within
the direction 230°-300°, bringing Atlantic air of various continental exposure
to the Alboran. Cloud-free skys («0.2 cloud cover) were observed during day-
light on only 3.5 days. Meteorological information and the data sets for each

day are summarized in Table 4. *

Leake

The various data”" collected by Calspan are plotted for the entire 10-day
cruise in Figures 2-5 to illustrate daily and day-to-day fluctuations. ™™
Figure 2 presents time histories of air temperature, relative humidity, wind
speed and direction, and visibility. Figure 3 presents optical depth, scatt-
ering coefficient and aerosol cross-section data. Figure 4 provides time

histories of aerosol concentration at four size ranges:

*
Boundary layer depth estimates were derived from mini-sonde data obtained
from aboard the BARTLETT by R. Sylvia, CSI-LSU.

*k
Numerical values for the data set are provided in Appendix A.

k%

Throughout this report all references to time are GMT; on data plots,
dates are labelled at the 0000 hour.

11
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>0.003 ym (Total or Aitken nuclei), >0.32 um, >1.8 um and >3.2 um diameter.
The proportions of the aerosol population at sizes >0.2 m which comprised
NaC2 (sea salt), sulfur compounds, silicates, or other minerals, salts and
organics are presented in Figure 5. The instrumentation, analyses tech-
niques and other aspects relating to gathering and reducing these data

are discussed in Appendices A & B.

The data presented in Table 4 and Figures 2-5 and overall conclusions drawn
‘from analyses presented in Appendix B may be summarized in the context of ship's

position (Figure 1), meteorological events and diurnal cycles as follows:

e Concentrations of small particles (Aitken nuclei) in general,
exhibited daytime maxima and diurnal fluctuations of approximately
one to two orders of magnitude, both characteristics probably

associated with photochemical processes and anthropogenic activity.

° Total particle concentration averaged 6000 cm_3 within 35 km of
the shoreline and 4000 c:m-.3 in areas outside of the 35 km distance,
probably reflecting the respective distances from their continental

sources.

. The highest total particle concentrations were observed on 10, 14
and 18 October when the ship was closest (for the longest periods)
to the northern shore (and industrial sources in the vicinity of

Gibraltar) and over the cold water of the Gyre.

o Lowest total particle concentrations (and lowest concentrations of
aerosols at sizes >0.3 um diameter) were measured on 11 Octcber under
nearly calm wind conditions when the ship was over the warm core

of the Gyre.
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Concentrations of large particles were slightly greater farther from
the coastline, averaging 8.0 cm“3 and 7.2 cm_3 at sizes >0.3 pm for

mid-Alboran and coastal locales, respectively.

In general, daytime warming gave rise to daytime minima in relative
humidity, and consequent drying of aerosols produced daytime minima
in concentrations at large particle sizes and daytime maxima in

visibility.

Maximum concentrations of the larger particles were observed on 13
October (when maximum wind speeds for the period were measured) and on
16 October; high concentrations observed on 16 and 17 October (and
early on the 18th) were probably a result of local contamination of the

area by aerosol sources in the vicinity of Gibraltar.

Minimum average daytime visibilities occurred on 16 October and 13
October as a direct result of the high concentrations of aerosols near

0.3 um diameter.

A large proportion of the aerosol populations at sizes 0.2 um diameter
comprised sea salt (or NaC% ), particularly during the period 14-18
October when the ship was in the immediate vicinity and downwind of the
Gibraltar area. High winds and whitecapping such as occurred during
mid-afternoon on 10 October, late afternoon on 12 October, on 13
October, on the morning of 14 October and on the afternocon of 18

October probably resulted in the higher sea salt proportions ob-

served at those times. However, on several occasions, aerosol 'plumes'
were observed to comprise NaC!{ particles, and it is suspected that
local sources of NaCi particles—-—either industrial or surf-generated

in the Strait--were responsible for general 'contamination' of the

northwest corner of the Alboran between Gibraltar and Malaga.

18



Low-level inversions at mid-day capped surface boundary layers at
heights of <150m on 12, 13, 14, 16 and 17 October, and these shallow

surface layers were generally associated with the colder water
on the north side of the Alboran Front. It is speculated that
the presence of a stable boundary layer in the northern portion

of the Alboran probably helped to trap aerosol plumes emanating
from the Gibraltar area. Predominantly westerly winds then
advected such aerosol material parallel to- and directly over
the isotherms of the Alboran Front, giving rise to the observed
'contamination' in the NW Alboran and the coincidence of aerosol

'plumes' over the Alboran Front.

Optical depth data obtained for correlation with surface-level
parameters, are considered valid for that purpbse only for 10, 11, 13
and 16 October, due to intervening cloud cover on other days. Data
shown for 12 and 15 October were obtained through nearly overcast thin
cirrus. The mean mid-day optical depth data for 10, 11, 13 and 16
October were found to be correlated with surface-level scattering
coefficient (extinction or visibility) integrated as a function of
relative humidity through the boundary layer, assuming well-mixed
conditions with respect to aerosols (see Section 2.2). It is concluded
that the well-mixed assumption is valid and that most of the atmos-
pheric aerosol optical depth (in the absence of cloud) occurs in the

planetary boundary layer.

The scope of the observation effort purposely precluded definitive
measurement of the aerosol size spectrum at sizes <0.3um diameter
(except for Aitken nuclei) because in more remote marine locales the
small particle population -contributes only a small fraction of the

total scattering cross-section (Ref. 11). However, the Aitken parti-
cle concentrations observed in the highly polluted air on the Alboran
and extrapolation of Royco size spectra (Appendix B-2) to sizes <0.3um
suggested that aerosol concentrations at optically effective sizes
<0.3um were much greater than anticipated--perhaps, at sizes of ~0.lum
diameter, as much as two orders of magnitude greater than concentrations

at 0.3 ym diameter. Mie calculations (Appendix B-3) of extinction

19



for the portion of the size spectrum >0.3um, show that these larger
particles can account for only 25-75% of the measured extinction.
If particle concentrations at 0.1 im were 100X greater than

those >0.3 um diameter, the extinction attributable to these
particles would be sufficient to account for the differences

in measured and calculated extinction. Thus, it is concluded

that high concentrations of particles <0.3im diameter, which were
purposely not measured, accounted for a significant fraction

(v25-75%) of the measured extinction on the Alboran Sea.

20



2.2 A Relationship Between Optical Depth and Surface-level Visibility

During the Alboran Sea Experiment, sun photometry* data were collected
at hourly intervals, regardless of cloud cover except during periods of thick
overcast. The data are listed in the "log" reproduced in Appendix A. Aerosol
optical depth was then computed from these data for a 5 nm wide band centered
at 0.502um wavelength(see Appendix B-1) for correlation with surface-level

oo ola
by

visibility (or scattering coefficient). Scattering coefficient (Bscat) was
measured directly (centered at 0.475um wavelength) and visibility (V) calculated

according to

v - b:605

Bscat

Previously, a Bscat and sun photometry data set was acquired at Valkaria,
Florida, an Atlantic coastal site (Ref. 16). When plotted against aerosol
optical depth, Bscat was generally found to increase as optical depth increased
in the Florida data. When data from the Alboran Sea were added to the plot,
the same general trend was suggested but two distinct relationships were indi-
cated. These data are plotted in Figure 6. In the Figure, individual hourly
data points are indicated by the small symbols, while the averages of each of
four day's data for each site are represented by the large circles. (The
mid-day data were averaged in order to filter-out scatter due fo local aero-
sol sources, passing clouds or measurement error and to provide a single value
for correlation with meteorological-scale variables.) Note in Figure 6 (a
and b) that the two data sets appear offset: 1i.e., for a given surface-level
visibility or scattering coefficient, greater optical depth (by a factor of

2 to 3) was observed in the Florida situation.

Details of instrumentation may be found in Appendix A.

ek .
An MRI Integrating Nephelometer was used to measure scattering coefficient
(8 ). In the absence of absorption at visible wavelengths, we equate

scat ) . 5 8 .
Bscat to extinction coefficient and use the terms interchangeably.

21
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The above result should not be surprising since the Florida data
were obtained at a subtropical location in mid-summer waile the Alboran data
were acquired at a more northerly latitude in the Fall. The meteorological
circumstances and, in particular, boundary layer characteristics would be
expected to differ between the two regimes. Further, surface-level measure-
ments would be more or less representative of the atmosphere through which
optical depth measurements were obtained depending on the depth of the plane-

tary boundary layer.

In an attempt to merge the two data sets, the mean mid-day data were
normalized to account for day to day differences in boundary layer depth and
humidity structure. The mean data (optical depth, surface relative humidity,
scattering/extinction coefficient and boundary layer depth) for the indicated
hours and dates at the Alboran and Florida sites are tabulated in Table 5.
Assuming a well-mixed boundary layer with respect to aerosol, aerosol B (not
including molecular scattering) within the boundary layer was computed by
relating vertical variation in B to vertical variation in relative humidity,

according to the relation suggested by Hanel (Reference 17):

2¢*
(1 - fz)

)

8 sfc -
8, (l—fS

fe

in which f is relative humidity and B is aerogsol extinction coefficient; and

e* 1s a function of the aerosol type, which takes on the value of 0.26 for the
maritime aerosol assumed here. The surface value of 8 was obtained by sub-
tracting the atmospheric molecular scattering (0.23 x 10—4m_l) from the surface
measured Bscat value. For the Alboran data, the relative humidity profile

was obtained from the LSU radiosonde data; for the Valkaria, Florida data set,
the Waycross, GA radiosonde profiles were used. The top of the boundary layer

was determined independently from the radiosonde data using meteorological
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judgment and a combination of height of the features: inversion, isothermal
layer, boundary between layers of different wind directions and rapid decreases
in relative humidity. The estimated mean boundary-layer scattering coefficients
(Bmean) were determined as functions of the RH profile from Hanel's relation-
ship and tabulated in Table 5. These mean boundary layer extinction data

were then multiplied by boundary layer depth to provide a dimensionless inte-
grated extinction parameter for the boundary layer, a quasi-~optical-depth,

tabulated in the right-hand column in Table 5.

The integrated extinction parameters determined for each of 4 days
for the two data sets are plotted in Figure 7. The two data sets now lie on
the same line with the Alboran data at small values and the Florida data at

large values. Since the range of surface B is essentially the same in

scat
both data sets, the distribution of the normalized data primarily represents

the difference in boundary layer depths.

The relationship shown in Figure 7 may be applicable to the estimation

of surface Bsc or visibility from satellite radiance measurements. Given

at
a relationship between measured radiance and aerosol optical depth, then
with an estimate of the boundary layer depth, the mean boundary layer aerosol

scattering coefficient (Bmean) could be obtained. Assuming that the surface

aerosol B =8 » the surface visibility could then be computed from
scat mean
v = 4.605
(Bmean+ 0.23)

where the atmospheric molecular scattering has been added and the constant

for the MRI nephelometer, 4.605, is used to convert 8 to visual range.

scat
0f course, relative humidity profile information would help provide better

definition of surface-level visibility through use of the Hanel equation.
The foregoing analysis is based on a very limited data set. Additional

observations at other locations and for other meteorological scenarios are

required to substantiate the relationship.
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INTEGRATED BOUNDARY LAYER EXTINCTION CDEFF.

B. 7 +
B. &1 {
1 1
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Figure 7. Integrated Boundary Layer Extinction Coefficient,

Derived from Surface-Level Aerosol Extinction (at
.474um)) and Vertical Profile of Relative Humidity
Within the Boundary Layer, vs. Surface Measured
Total Atmospheric Aerosol Optical Depth at 0.502umA.
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Section 3

INTERPRETATION OF INDIVIDUAL
DAILY DATA SETS

Instrumentation set-up was begun on the morning of 8 October 1982, and
initial measurements were obtained by 2000 GMT while in port at Malaga, Spain.
The BARTLETT was underway by 2215, passing through the harbor entrance by 2240
GMT on 8 October. Continuous measurements of visibility and particle concen-
trations at sizes >0.3 um were obtained thereafter until the ship departed the
Port of Tangiers at 0005, 19 October. Manual observations were obtained hourly
each day, during the period 0600 to ~1900 GMT and occasionally later into
the evening hours. The approximate track of the BARTLETT during the 10-day

cruise is plotted in Figure 8a-d.

The following provides a detailed summary of daily cruise activities,
the meteorologic/geographic scenario, events, observations and measure-
ments aboard the BARTLETT, principally for daylight hours. For each day,
plots of meteorological variables, optical depth, scattering coefficient,
aerosol concentrations and aerosol composition are provided for reference
and interpretation in the context of the envirommental scenario. Discussion
of weather patterns was derived from synoptic analyses supplied by R. Fett
(NEPRF) and by personnel of the Buffalo Office of the National Weather
Service. Boundary layer information was derived from minisonde soundings
obtained by R. Sylvia (Coastal Studies Institute, LSU) from aboard the
BARTLETT and from the Gibraltar soundings. This information was condensed
to provide the summaries presented in Figure 1 and Table 4. In the
following narrative, reference to Figures 1 and 8, Table 4, and to the
Logs and reduced data in Appendices A & B is suggested for additional detail.
The reader is cautioned that much of the discussion presented herein is
without benefit of quantitative sea surface temperature data or overflight

imagery.
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3.1 9 October 1982

Summary After departing Malaga late on 8 October, the BARTLETT
reached the southern end of the Malaga line (approximately mid-way across
the Alboran) by dawn. During daylight hours, the ship cruised northwesterly
from the southern end of the Malaga line to a point along the Marbella
line ~17 km offshore and then southward to 45 km offshore. (See Figure
8a). Skys were near overcast most of the day with visibilities improving
from 20 to 60km after 1100 GMT. Winds were from WNW-WSW, averaging
% 8 m/s in the afternoon, and RH remained in the 75-81% range for the
entire day. A plume which reduced visibility to 12 km was encountered at
v 0845 GMI. Sun photometry data were not obtained this day due to dense

cloud cover. Data for 9 October are plotted in Figures 9-12.

Lower air temperature at the northern end of the track may be a result
of cold water on northern side of the Alboran Gyre. The aerosol plume was

also found over the cold water.

Meteorology A NE-SW oriented trough over the Alboran at dawn weakened
and moved to the north shore by mid-day as ridging from the Atlantic built-
in over the southern portion of the Alboran. By 1800 GMT, the trough
deepened over the northern shore in advance of a weak cold front and an
upper-level trough. While the upper-level trough produced nearly overcast
skys of thick alto stratus, the ridging at mid-day caused winds to decrease
to 3-4 m/sec; air temperature increased by ~2C and visibility improved
to >60 km; wind speeds increased to 10 m/s in late afternoon as the trough

deepened. (See Figures 9 and 10.)

The lower air temperature on the northern portion of the track
(0900-1100) may be a result of cold water in the northern half of the
Gyre. However it cannot be determined whether the increase in visibility
and temperature by mid-day and afterwards is due to sea surface temperature

effects, mid-day warming or changes in the meteorological pattern.
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»

The plume encountered at 0845, evidenced by the visibility and
scattering coefficient data, occurred without change in humidity. The
plume appeared to lie along the boundary of the Alboran Front on the cold
water side. Wind direction at the time of the plume encounter suggests

that the plume came from the Gibraltar area.

Aerosols Figures 1l and 12 present the aerosol concentration and
composition data for 9 October. Figure 11 shows aerosol concentration for
three size intervals: Total (Aitken), >0.32 im and >3.2 um diameter.

Note that total particle concentrations reached maxima at mid-day and
nearer the shore at 0900-1300 GMT; while concentrations at size >0.3 um
generally increased throughout the day with a peak in the plume at 0845 GMT
and a slight minimum at mid-day. The largest particles ( >3.2 pum) also

exhibited minima at mid-day.
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Aerosol classification by chemistry (Figure 12) shows fairly uniform
composition throughout the day, with an average 75% of the particles >0.2 um
diameter being NaCf and apparently reflecting an Atlantic air mass source
for these aerosols; 15% of the particles were silicates. However, the
aerosol sample acquired at ~0920, perhaps obtained in the fringes of the plume,
shows a high proportion of NaCl--a characteristic of plumes observed later in
the study (see 10 and 16 October data); the extent to which the entire

_area of this day's track might be 'contaminated' by this plume is unknown.
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3.2 10 October 1982

Surmary During the morning hours, the BARTLETT cruised NW from
near the southern end of the Marbella line to the north end of the Gibraltar
section and then southward after 0900 along the Gibraltar line (offshore
of Gibraltar by 1200 GMT) to its southern end by 1900 (see Figure 8a). A
full day of sun photometry data was obtained as ridging produced clear skys,
- with the exception of éome‘fair weathér cu over land, through the entire day
after 0700. Winds were approximately westerly at “5 m/s in the morning
but increased to >10 m/s in the afternoon producing numerous whitecaps.
Visibility fluctuated between 40 and 65 km throughout the day, while RH
gradually dropped from “90% in the morning to <70% in the late afternoon.
A plume was encountere& 15 km NE of Gibraltar at 0830 GMT in which visibility
was reduced to 17 km. Hourly sun photometry data were obtained from dawn

to dusk this day. Data for this day are plotted in Figures 13-16.

The data for this day, while not conclusive, suggest that a clear zone
(downwind of Ceuta) in a broad field of gray shade may be the result of a
warm dry 'tongue' from the African continent —- perhaps a wind shadow or
localized area of subsidence. Optical depth data did not correlate with

fluctuations in surface-level parameters on this day.

Meteorology A minor frontal passage.prior to 0600 GMT and ridging
aloft were responsible for clearing skys in the early morning. A secondary
trough tightened the gradient and caused the wind increase observed at mid-day
(see Figure 13); but skys remained totally clear. Boundary layer depth was
“1500m. Cruising southward after 0900, air temperatures gradually increased
and then jumped to a maximum at V1600 GMT just south of the mid-line through
the straits; relative humidity remained nearly constant and then dropped
rapidly (due to a decrease in dewpoint and an increase in temperature) in
the warm, dry zone encountered at 1600; relative humidity remained low at
least through 2200 GMT as we approached close to Ceuta. (NOAA-7 imagery
shows a 'gray-shade' field through the straits and into the Alboran with
a clear zone downwind (east) of Ceuta at 1342 GMT.) Visibility at the BARTLETT's

locations remained relatively constant throughout the day (except for the
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plume encounter at 0835) showing little response to changes in RH or whitecap-
produced sea spray. Whitecapping began at ~1100 as wind speeds increased,
peaked during the period 1300-1500, and ceased by 1700 GMT. Visual observa-
tions at 1200 and 1500 GMT make note of considerable "surf-zone' haze along
both shores of the Straits visible from the BARTLETT's position. Aerosol
cross~section data (Figure 13) shows maxima coinciding with whitecapping
during afternoon hours, but optical depth estimates show unexplainable

minima during the afternoon.

Aerosols TFigure 15 shows the aerosol concentration data and Figure 16
shows aerosol composition analysesvfor 10 October. Note that total particle
concentrations (the highest observéd during the cruise) peaked in the morning
(associated with the plume) and early afternoon hours when the ship was down-

wind of the Gibraltar area; after 1300,total particle concentration decreased
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until 1900 GMT when we began to approach Ceuta. At sizes >0.3 um particle
concentrations increased slightly from mid-morning minimums to a maximum

just off Ceuta at ~2130. Large particle concentrations show much greater
fluctuations, peaking during early morning RH maxima, in the plume, in the

afternoon whitecapping, and as we approached Ceuta.

The chemistry data (Figure 16) shows high concentrations of NaCf in
the plume at 0830 (see also data for 9 and 16 October) and during the white-
capping event of the afternoon; relatively low concentrations of sulfates
were observed. As we approached the Moroccan coast in early evening, the

sea salt proportion of the aerosol population was replaced by silicates.
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3.3 11 October 1982

Summary The BARTLETT was in the southern half of the Alboran for
most of the day as it cruised northeasterly from near the coast of Morocco
to the south end of the Malaga line, all within the warm sector of the Gyre
(see Figure 8a). Strong ridging maintained totally clear skys this day,
except for a thin Ci veil which passed over during the period 1630-1800 GMT.
Winds were virtually calm all day; not a single whitecap was observed.
Visibilities remained in the 50-65 km range with RH of ~70% most of day
until a light haze was encountered late in the day; visibility dropped to
22 km in the haze as RH increased to >80% during the period 1600-1900 GMT.
Dawn to dusk sun photometry data was obtained this day. Data for this day

are provided in Figures 17-20.

The haze of later afternoon was produced by aerosol growth with increased
relative humidity and apparently was responsible for the increase in optical

depth which was observed in the afternoon.

Meteorology Low pressure over the Alboran before dawn was replaced
by mid-morning by high pressure building-in from the south. The small ridge
crested by mid-afternoon and was gone by 0000 on 12 October. Figure 17 shows
the light to calm winds, warm temperatures, low relative humidities and high
visibilities resulting from this fair weather pattern. A very shallow surface
boundary layer developed this day: 480 m at 1100 GMT and 170 m at 1630.
The reduction in visibility in haze during the late afternoon appears to be
correlated with the increase in RH after 1400 brought on by increased moisture
and decreased air temperatures. Figure 18 shows optical depth, scattering
coefficient and aerosol cross-section increasing simultaneously with the

occurrence of haze. A thin cirrus cloud precluded sun photometry after 1600.
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Aerosols Aerosol concentrations measured during the first half of
this day wére among the lowest observed on the 10-day cruise. Particle con-
centrations at all size intervals (see Figure 19) were relatively constant
during the morning but increased monotonically after 1300 reflecting the
developing haze. The greatest relative increase in particle concentration
occurred at larger sizes. The sea salt component of the aerosol population
dropped from about 907% in the morning to ~50% (except for a peak a mid-day)
in the late afternoon haze (see Figure 20). Increases in all other composi-
tion categories accounted for the reduction in the sea salt component.

Naucrates chemistry data show similar trends.
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3.4 12 October 1982

Summary Most of the day was spent in the northern half of Alboran
along Malaga line, traversing from its center to the coast and back (Figure
8b). The morning was characterized by increasing Ci overcast, 0.3 cloud
cover at 0600 GMT to >0.8 cloud cover by 1230. Winds were 1t to calm in
the morning and no whitecaps were seen all day. (Twice, at 0330 and 1100
GMT, a plume which reduced visibility to <15 km was traversed.) By 1600,
we reached centerline of the Alboran and began an easterly track. By this
time, the pressure gradient had tightened in advance of an approaching front,
and winds picked-up; so that a following wind precluded regular data collection.
Eleven hours of sun photometry were acquired through a Ci overcast. Data

obtained from aboard the BARTLETT are plotted in Figures 21-24.

This day's data suggest that cold water on the north side of the Alboran
Gyre helped establish a low-level inversion and was responsible for cool air
temperatures, increased RH, growth of aerosols, reduced visibility in that
area. An aerosol plume was found lying approximately along the Alboran Front

over the cold water.

Meteorology Very light winds during the mormning gave way to stronger
winds in the afternoon as a trough developed and deepened along the northern
shore of the Alboran. Inspection of overflight imagery reveals that the ship
crossed the sea surface temperature gradient twice this day: at ~0300-0400
and at v1100. The records reproduced in Figure 21 show that the coldest air
was observed in northern half of this track before 1100. Relative humidity
was highest and visbility also lowest in the area of colder temperatures.
Minisonde data show a low-level inversion base at 45 m over the cold water

at 0800 (beneath a higher level invérsion at 315 m developed by the receding
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Figure 23: Aerosol Concentrations at Three Size Intervals, 12 October 1982
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Figure 24: Chemical Classification of Aerosols 0.2 um dia, 12 October 1982

synoptic ridge.) (Inversion base at 1630 GMT, perhaps over warmer water,

was at a height of ~100m.)

Plumes observed at 1100 and perhaps at 0330 appear to be lying along
the Alboran Front, perhaps trapped under the low level inversion generated
over the cold water. The aerosol data in Figures 23 & 24 show that particle
concentrations increased in the plume, but no change in RH was observed

and no specific chemical constituent can be attributed to the plume.

Aerosols Aerosol data presented in Figure 23 show that total con-
centrations remained relatively constant throughout the day. However, con-
centrations of the largest particles ( >3.2u dia) exhibit distinct maxima
during the high RH morning hours, in the 1100 GMT plume, and early in the

evening when whitecapping began.



The chemistry data in Figure 24 shows that sulfate compounds comprised
a very high proportion of the aerosols during early morning hours --
perhaps material of continental/anthropogenic origin trapped beneath the
low-level inversion. As the day progressed and winds and wave action
increased, the proportion of sea salt aerosols increased from near zero to
Vv75% in concert with the increase in whitecapping. Chemistry data from the
Naucrates show sulfate and sea salt proportions of 30 and ~25%, respectively,
at 1130 GMT; by 1500, sea salt had increased to 857 and sulfates had dropped

to 5% of the aerosols >0.2 im diameter.



3.5 13 October 1982

Summary The entire day was spent traversing the Adra line from the
center of the Alboran to the coast (see Figure 8b). Westerly winds picked
up to >13 m/s by 0830 producing high seas and considerable whitecapping
throughout the day; peak winds in excess of 18 m/s were observed in late
afternoon. During daylight hours, RH dropped from 80 to 70%, visibility
improved from 35 to >50 km, and skys cleared from 0.8-0.9 Ci cloud cover
to <<0.1 (by 1400). Good sun photometry data were obtained during the
hours 1100-1500. The data for this day are plotted in Figures 25-28.

The data for this day, show that a low level inversion was established
over the cold water along the north shore. A gray shade area along the north
shore does not appear to be correlated with surface-level aerosol charac-

teristics, although it may have been detected by sun photometry.

Meteorology A developing surface trough, oriented along the north
shore of the Alboran continued to deepen through 1800 producing strong N
(offshore) winds immediately along the coast, but W to WSW winds with good
fetch farther to sea (see Figure 25). Air temperatures gradually increased
through 1600 GMT producing a decrease in RH and improvement in visibility.
Warm air aloft apparently gave rise to the observed warming, a low-level
inversion and shallow boundary-layer over the cold water: 150 m and 70 m
inversion bases were observed respectively, at 1100 and 1630 GMT at the
BARTLETT's locations; an upper level inversion was also present at 3400 m
at least at 1630 GMT. NOAA-7 imagery suggest that the ship passed through
or beneath a gray-shade boundary and into the gray shade area along the
coast at V1500 GMT; however surface visibility was improving at that time
and visibility remained at high values thru ~2000 GMT. Optical depth in-
creased between 1400 and 1500 GMT; unfortunately, ship motion due to high
seas precluded optical depth data after 1500. As the ship approached
nearer to shore during evening hours, visibility dropped from ~51 km at 2000

GMT to 43 km at 2330 GMT (see Appendix A).
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OCTOBER 13, 1982

Figure 27: Aerosol Concentrations at Three Size Intervals, 13 October 1982
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Figure 28: Chemical Classification of Aerosols 0.2 ym dia, 13 October 1982

Aerosols Figures 27 and 28 provide the aerosol data for the daylight
portion of this day. Note that total particle concentration increased with
time as the ship moved closer to the coast. Aerosol concentrations at
sizes >0.3 um were nearly constant with a slight minimum during mid-day.

At sizes >3.2 um, particle concentration shows a distinct minimum during
mid-day. Between 2000 and 2300 GMT while the ship was presumably in the
gray shade area, particle concentrations at sizes >0.3 um and »3.2 um in-
creased by 307 and ~300%, respectively, in concert with the observed de-

crease in visibility.

The chemical analyses show an increasing proportion of sea salt aerosol
through the day to near 100% at 1730 GMT, except for an anomalous low sea
salt value at 1500. Perhaps a wave on the shallow inversion pushed it closer
to the surface for a brief period; the sample could then have been obtained

from air above the boundary layer.
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3.6 14 October 1982

Summary  The ship tracked on a WSW line from offshore at Adra (at 0000
GMT) to a point SSW of Marbella ( ~30 km offshore) by 1330, where it remained
on approximate station until the morning of 15 October (see Figure 8b).
Weather gradually improved during the day after a mid-morning frontal passage:
winds dropped from 2759 @ 14 m/s to 240° @ 3 m/s by late afternoon, and
visibility increased from 50 to >80 km as RH dropped from 85 to <60% before
mid-day. Moderate whitecapping of the morning hours gave way to only an
occasional whitecap by 1700. Overcast skys briefly cleared to 0.8 in the
early afternoon, and 3 hr of sun photometry data were attempted. The ship
passed thru a distinct plume at ~1300 GMT in which particle counts peaked
and visibility dropped to ~35 km. The data for this day are presented in

Figures 29-32.

Meteorology The trough over the north shore was maintained, but it
gradually weakened during the day. Minimum atmospheric pressure at the
BARTLETT occurred at ~0100 but a large jump in pressure occurred as the front
passed over the ship's location at 0700 GMT. With the frontal passage, winds
shifted to WNW-NW and speeds began to drop; dewpoint temperature and RH dropped
and visibility improved (see Figure 29). Air temperature remained relatively
constant through the day, but RH increased to >70% by afternoon. The plume
encounted at V1300 was not associated with an increase in RH and occurred

about the time winds shifted to place Gibraltar upwind of the BARTLETIT.

Aerosols As the ship cruise along the northern shore, high winds
and whitecapping produced copious quantities of large sea salt aerosols. After
the frontal passage, offshore flow brought an increase in concentrations of
very small particles (the second-highest observed on the cruise) to our
location. The aerosol immediately behind the front also comprised higher
proportions of silicates, sulfates and other minerals at the larger sizes
(Figure 32). The plume observed at 1300 was accompanied by increases in
particle concentrations at all sizes and by increases in the proportions of

sulfates and other minerals; silicates were not detected in the plume.
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3.7 15 October 1982

Summary The entire daylight period was spent in the northern half
of the Alboran in mooring-recovery operations along the Marbella line, moving
from ~23 km offshore at 0700 to ~50 km off Marbella by 1700 GMT (See Figure
8b). Light WSW to WNW winds increased from 2-3 m/s in the morning to 4-6
m/s in the late afternoon; cloud cover increased from 0.2 @ 0600 to 0.9
in cirrus by 1200 GMT and for the remainder of the afternoon. The dense
cirrus cloud cover precluded meaningful sun photometry. Visibilities were
typically 50-60 km through the day, but RH dropped from >80% in the morning
to <70 in the late afternoon. We may have encountered a plume again as
visibilities dropped (below 35 km after 1700) in late afternoon. The data
for this day are provided in Figures 33-36. V

While not conclusive, the data suggest that the observed air temperature
increase and RH decrease by mid-day may have been a result of the ship cross-

ing the ‘Alboran Front from cold to warm water.

Meteorology The surface trough located over the northern shoreline on
the previous day continued to weaken, and the flat pressure gradient kept
wind speeds low; whitecaps were not observed this day. The trough line moved
southward through about mid-day and then retreated to the north shore by
1800; movement of the troughline was responsible for the wind fluctuations
from WNW to WSW. From radiosonde data,boundary layer depths are estimated for
Gibralter at 1100 GMT and for the BARTLETT's location at 1230 GMT to be
1200 m and 1380 m, respectively. Rising air temperatures (which may be
partly a result of crossing from the cold water of the Alboran Front) helped
to reduce relative humidity and keep visibility at high values (see Figure
33) through 1400 GMT. An upper-level trough moved through during the day
causing the increase in cirrus cloud cover which prevented meaningful sun
photometry for most of the day. The observed decrease in visibility
after 1400 may in part be due to a wind shift which placed the Gibraltar area

upwind of our position after that time.
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PARTICLE CONC. (#/cc)

Figure 35:

OCTOBER 13, 1962

Aerosol Concentrations at Three Size Intervals, 15 October 1982
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Aerosols The aerosol records presented in Figures 35 and 36 show
that total particle concentrations were highest at mid-day, while concentra-
tions at larger sizes exhibited minima at mid-day. Note that particle con-
centrations at sizes >0.3 pum and >3.2u m diameter and aerosol cross-section
(Figure 34) increased after 1400, accounting for the visibility restriction

noted after that time.

The aerosol chemistry data show unexplainably high NaC2 content.
Since some plumes apparently emanating from the Gibraltar were observed to
be composed of NaC% aerosols (e.g. see 10 and 16 October), it is reasonable
to speculate that the entire area.downwind of Gibraltar can be contaminated

under such fluctuating wind conditions.



3.8 16 October 1982

Summary The early morning was spent in mid-Alboran near the southern
end of the Marbella line, and the remainder of the day was spent approximately
retracing the track of the previous day (see Figures 8c and 8d). Beginning
at v1130 GMT, theBARTLETT made a 4-hr, non-stop track along the Estepona
line (mid-way between the Marbella § Gibraltar sections) from 65 km offshore
'fo a point 6 km off the coast by 1520, crossing the Alboran Front at ~1230
GMT. We then reversed course along the Estepona line, reaching a point “~30 km
offshore by 2000 GMT. Routine observations were made at 1/2 hr intervals
during the 4-hr track. Weather during mid-day: sunny (0.1-0.2 cloud cover),
winds <3 m/s, RH 77-82% and visibility 30-40 km. Wind speeds increased
steadily during the day. Plumes were encountered at ~1430 and again at

~1630. Data for this day are plotted in Figures 37-40.

While not conclusive, the data suggest that colder water on the north
side of the Gyre was responsible for cooler air temperatures and a shallower
boundary layer over the cold water. Again an aerosol plume was found along
the Alboran Front over the cold water; material dispersed from this plume
may have been responsible for an increase in optical depth during the after-

noon.

Meteorology A flat pressure pattern in the early morning and ridging
from the Atlantic gave way to a developing trough oriented along the northern
shoreline of the Alboran by evening. While boundary-layer depth was estimated
to be at ~2000 m, low-level inversions were located at heights of 490 m and
403 m at 0600 and 1800 GMT, respectively, and at 130 and 40 m, respectively,
at those times. The latter low-level inversion was observed on the northern
part of the track, presumably over the cold water. An inversion at ~250 m

was observed at Gibraltar at 1100 GMT.
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PARTICLE CONC. (#/cc)

OCTOBER 16, 1982

Figure 39: Aerosol Concentrations at Three Size Intervals, 16 October 1982
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Figure 40: Chemical Classification of Aerosols >0.2 ym dia, 16 October 1982

In crossing to colder water on the north side of the front, air tempera-

tures decreased temporarily and returned to warmer values farther north.
(See Figure 37.) The minimal changes observed across the front may have
been due to northwesterly winds advecting cooler air over the warmer water

at our early morning location.

The most significant feature of the day was the multiple interception
of a plume at 1430 and 1630 on the northerly and southerly legs of the
Estepona lines. Visibility was reduced to ~24 km in both plume encounters.
The steady increase in optical depth (Figure 38) during the northward track
may be a result of plume material dispersed aloft in the area offshore of

Estepona.
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Aerosols Aerosol concentrations (Figure 39) were relatively constant
throughout the day, except for the plume encounters of late afternoon, and
exhibited little variation with change in location over the Gyre. In
general, small-particle concentrations were greatest at mid-day, while minima
at all size ranges were observed at ~1000 GMT. The concentrations at sizes
> 0.3 um on average for this day are among the highest observed during the
observation period and may be the result of a general contamination

(trapped by a low-level inversion) from sources in the Gibraltar area,

The aerosol chemistry data provided in Figure 40 show that aerosol
chemistry changed steadily through the day, with the NaC% proportion decreasing
from 85% at 0715 to ~5% by 1330 GMT. Increases in silicates (primarily) and
sulfates accounted for the drop in NaC2 particles. The plume observed at
1430 was apparently composed of NaCf particles like some of the other plumes
encountered in the area; wind data are not available to help determine the

specific source area of the plume material.
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3.9 17 October 1982

Summary The early morning was spent retracing the Estepona line,
continuing the southerly track of previous day and then retracing northward
(at 0745) from A 50 km offshore to ~20 km offshore. From there, the ship
headed to a point ~10 km due east of Gibraltar, where it drifted until 1600
GMT on 18 October. (See Figure 8d)}. Encountered a plume twice: at ~0500-
0600 and again at ~0830 in which visibility was reduced to ~23 km. Skys
remained nearly overcast all day with middle and high cloud and imbedded
showers § thundershowers; light precip was observed at the ship at ~1500.
Winds shifted from ~280° in the morning to SW at ~4-7 m/s after 1000 GMT.
Relative humidity dropped from ~87% in the morning to ~83% in the afternoon,
while visibility lowered, leveling off at ~35 km for the afternoon. The

data for this day are presented in Figures 41-44.

The data for this day suggest that cold water on the north side of the
Alboran Front may have been responsible for reducing air temperature over the

Front.

Meteorology The surface trough along the northern shore weakened by
mid-day as a weak cold front advanced from the northwest, passing through during
the evening between 1800 and 2200 GMT. The shifting wind pattern, light
winds of mid-day, and fluctuating temperature, RH and visibility records
shown in Figure 41 reflect these events. At 1200, a thunderstorm was clearly
visible to the NW in the far distance (over land). A low level inversion was

based at 170 m at the BARTLETT's position at 0700 GMT.

The 0800-1000 track probably crossed the Alboran Front, and the drop
in air temperature during that period may be due to the sea surface temperature

gradient across the Front.
The plume encounters of 0530 and 0830 GMT occurred at approximately

the same location on the southerly and northerly legs, respectively, of the

Estepona line. This location was such that the Gibraltar area was directly
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Figure 44: Chemical Classification of Aerosols> 0.2um dia, 17 October 1982

upwind and the apparent source of the observed plumes. From the 0900 position
the plume was clearly visible (to the eye) coming from the direction of
Gibraltar, and the mountains of Morocco could be seen inthe background above
the plume. The plume was not accompanied by changes in relative humidity

or temperature.

Aerosols The plume encounters of 0530 and 0830 (Figure 42) were
accompanied by increases in particle concentrations at all sizes (see Figure
43). (The apparent lag in increase at small sizes is probably a result of
the lag in the measurement intervals for the Aitken particles.) The improve-
ment in visibility at 1600 GMT and subsequent decrease through 1800 were
accompanied, respectively, by decreases and then increases in particle

concentrations at larger sizes.

Again aerosol concentrations at sizes >0.3 im were among the highest
observed during the study and may be a result of contamination of the entire

area of the NW corner of the Alboran by industrial sources in the Gibraltar

area; low level inversion and general wind directions were appropriate.
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Aerosol composition comprised almost entirely NaCf% ; while no sample
was taken directly in a plume, industrial sources (such as produced the plumes

observed on other days) may explain this phenomenon.
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3.10 18 October 1982

Summary The entire day was spent drifting and maintaining the previous
day's position ~10 km due E of Gibraltar; at 1605 GMT the ship departed,
entering the Straits by ~1800 (see Figure 8d). Near overcast skys with middle
cloud, nimbostratus and scattered showers gave way to gusty NW wind, much
drier air, improving visibility, and clearing skys (2/10 cloud cover by 1500)
after the mid-morning passage of a strong cold front. Whitecaps began to
form at 1330 and increased to moderate intensity as winds increased to >10
m/s by 1400. In late afternoon, visibility improved to >80 km as RH dropped
to <60%. Four hours of sun photometry were obtained beginning at 1400.

The data for this day are plotted in Figures 45-48.

No effects of the Alboran Gyre could be determined because of the
ship's stationary position and no known 'gray shade' events occurred in the
area.

Meteorology The frontal passage which occurred at ~1000 GMT was
preceded by showers which began at ~0845; the intermittent shower activity
ended by 1100. With the frontal passage, NW winds apparently increased
through the mountain gap to the northwest of Gibraltar, producing whitecaps
between the ship and the relatively flat area north of Gibraltar; no white-
caps were seen in the lee of or south of the rock over the Straits. During
the day air temperatures increased, humidity dropped and visibility improved

to 'unlimited'. (See Figure 45).
Aerosol plumes directly off Gibraltar area were advected over the ship

at ~0620, 1015 and 1130. Temporal resolution of the aerosol samples was

not sufficient to define the composition of plume aerosols.
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Aerosols Maximum total particle concentration peaked at 1400 GMT;
but concentrations ar larger sizes declined steadily through the day,
increasing only in the aforementioned plumes. Large-particle concentrations
in the morning were among the highest observed and in the afternoon among the

lowest observed during the 10 day field study.

Aerosol composition was again puzzling: nearly all of the sampled
aerosols on this day were sea salt (NaCl). The chief conclusion to be drawn
from the frequent observation of NaC{ particles and plumes is that local sources
of NaCfg -- either industrial or surf-generated in the Strait -- were apparently
responsible for the numerous plumes of NaC{ particles observed in the NW cormer
of the Alboran. If the NaC{ particles are not of industrial origin, they may
be of surf origin, generated in the surf-zone of the Strait and carried into
the NW Alboran by a low-level jet. With a stable surface layer established by
the colder water of the NW Alboran, the particles become trapped at low level
and plumes are advected long distances without dispersion.
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APPENDIX A

CALSPAN'S DATA LOG

An hourly observation schedule was maintained aboard the BARTLETT,
principally during daylight hours from 0600 to 1900 GMT, 9 through 18 October
1982. Occasionally, special observations were made at half-hour intervals or
later into the evening hours. The resultant data set comprised measurements
of aerosol concentrations at various sizes, observations and measurements of
supporting meteorological variables, and aerosol samples for subsequent chemical
and large-particle-concentration analyses as listed in Table 1. All measurements
and samples were obtained from the flying bridge area of the BARTLETT at a
height of ~10 m above the sea surface.

The data obtained by Calspan during the Alboran Sea experiment are provided
in this section in reduced form, in an 'hourly log' format with minimal interpre-
tation, for objective use by other participants in the field experiment. The
data set for each day of Calspan's participation is presented on a single page
in the Log which follows. Explanations of the data-columns of the Log and
descriptions of the measurement techniques are provided at the end of this

section.
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DATE: OCTOBER 10, 1282

TOTAL ROYC®
PARTICL CONC, WET BULZ DRY TULE

TIME CONC. >.3 um Qscat vSssY TEMP TEMP RH

(GMTD C#/ze? (#/c2) x0.000L/m (km2 (€] S D

6:C3 1020 3.33 0.5 70.0 18737 e 2]

7:00 1800 4.30 0.3 3%.0 i8.1 18.%9 32

8:20 2300 S5.82 3.8 63.0 16.3 17.4 29

€:23 = 5.50 1.3 BELD - - -

8:33 11000 .30 2.2 16.5 - - -

8:45 30000 6.10 1.2 39.0 - - -

2:00 16500 4.32 2.9 2.0 15.8 18.3 77

10:00 26000 5.92 0.3 42.0 16.4 1e.2 33

11:00 7000 7.2 0.8 60.0 ie.4 12,2 34

12:00 5290 5.31 n.s 6n.o0 1€.6 12.8 S

13:00 130C0 g.22 0.9 43.0 16.83 18.8 32

14:00 7500 5.79 0.7 65.0 17.1 19.7 72

15:00 3400 - 5.49 0.¢ 42.0 17.5 13.4 a3

16:00 1700 4.59 0.8 0.0 ie.1 20.4 64

17:00 1400 8.05 1.0 47.5 16.4 20.0 89

13:00 2500 5.64 0.7 65.0 15.3 13.3 72

19:02 1200 2.70 0.9 48.90 = - 4
£0:00 2700 7.67 1.0 44.5 - - =
21:350 3400 14.08 1.8 26.0 - - -
22:00 3310 6.02 1.1 43.5 15.3 19.6 =33

) Drop
WInND WIND CiOuUD SUN PHOTOMETRY : Sample (0)

TIME CIRECTION SPEED COVER 0.4-1.1u X 0.582u A CLOUD or
(GMT) (deg) (m/s) FRACTION €ly/min) (0.01 ly/mind COVER Casella (X
c:00 = = .79 - - - X
7:00 # 235 4.5 0.20 3.13 0.083 i

2:00 # 275 4.5 0.10 0.62 0.55 Ci

8:23 = = = = - 0X
8:33 - - - 0.7S 0.73 {in plume)

2:45 = = = = - - 0
z:00 # 230 0.5 0.10 0.82 0.75 Ci X
10:00 - - 0.10 0.89 0.20 fair wx cu
11:0¢0 # 230 6.0 0.223 0.91 0.96 fair wx cu
12:00 # 240 10.5 0.10 0.94 1.01 fair wx cu 0X
13:00 #* 255 10.0 0.1¢C 0.93 1.01 fair wx cu

14:00 # 250 10.0 ~0(.10 0.90 0.26 fatir wx cu

15:00 * 270 10.0 0.00 0.33 0.90 clear 0X
16:00 = - 0.00 0.67 0.63 thian 21 t2 N
17:00 # 270 12.5 £0.10 0.32 0.23 Ci to MW horizon

18:00 #* 2840 11.5 <0.10 - - - 0X
19:00 = - 0.00 - - =
20:00 = - 0.00 - - =
z21:30 = = 0.00 - - - X
22:00 = = 0.00 - - S
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DATE: OCTOBER 11, 1982

TGTAL - RfYCO
PARTICLE CONC. WET BLULB DRY 3ULB

TIME CONC. >.3 um Bscat VGBY TEMP TEmMP RH
(GMT) (#/cc? (#/cc) x0.0001/m Ckm) ©Co €C) )

6:00 4400 4.17 0.9 42.0 15.6 12.7 73

7:00 18130 4.62 0.9 52.90 16.5 13.7 72

6:60 1500 35.56 2.8 60.0 i6.8 20.0 73

9:00 1740 3.27 0.8 60.9 17.7 21.5 s

10:00 1800 4.08 .S 50.5 Ao 72 21.3 70
11:00 1800 2.58 0.8 57.0 18.1 ALK 74
12:C¢0 1700 2.54 6.7 65.0 17.8 21.3 g o
13:00 - 2.39 6.7 G7.0 - - =
14:00 1800 3.64 0.7 65.0 17.3 21.6 56
15:00 2300 6.52 1.0 45.0 17.4 20.a 73
16:00 2800 7.29 1.2 37.0 18.1 21.7 70
17:30 2800 7.28 1.5 21.0 18.3 20.7 79
18:00 3000 8.13 1.8 25.0 17.3 19.8 23
19:00 2800 9.30 1.9 23.3 17.9 z9.4 80

Drop
WIND WIHD CLCUD SUN PHOTOMETRY Sample (0)

TIME NIRECTION SPEED COVER 0.4-1.1u A 0.502u A CLOUD or
{GMT? (deg? (m/s) FRACTIGN (ly/min) (0.01 ly/mind COVER Casella (X)
5:00 0 r 0.c0 - - slear . ro clouis 0X
.00 %* 30%S 2.0 N.00 0.26 0.12 clear. na clouds

8:00 - 0.0 0.03 0.64 0.57 clear, no ciauds X
9:00 - 0.0 9.00 0.73 0.80 clear, -o clouss 0X
10:900 * 70 1.0 6.00 0.87 0.1 =si:ar, no clouds

11:02 * 60 1.0 0.C0 0.92 0.96 -’z2ar, no clouds

12:00 c 0.0 0.0¢C 0.94 1.01 :lear, no clouds 0X
13:00 = 6.0 0.00 0.92 0.98 =l=ar, no clouds

14:00 35 0.0 £.00 0.89 0.91 <zleer, wo clouds

15:00 - 0.0 0.00 0.79 0.76 clear, no :louds 0X
16:00 L 0.0 0.10 0.62 06.50 C: to West

17:00 = 0.0 0.3590 0.14 0.08 thin €i, 1t sfc haze
18:00 - 0.0 0.20 - - Ci to East 0X
13:00 = 0.0 0.00 = - -
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DATE: OCTOBER 12, 1982

TGTAL ROY:O0
PARTICLE COMC. WET BULS DRY BULB

TIME CONC. >.3 pm Bscat VSBY TEMP TEMP RH

(GMT) (#/ced (#/ce)  x0.000%/m  Ckmd «wH ) 4%

6:00 3400 13.64 2.3 20.0 15.4 17.1 34

7:00 5200 12.26 1.8 26.0 1S A7 16.7 39

8:00 2900 5.14 1.0 45.0 15. 4 16.8 36

3:00 4320 7.60 1.0 47.5 15.1 17.3 72

10:00 3300 5.27 0.2 50.0 1€.6 19.0 79

11:00 4700 20.84 3.2 11.5 16.0 18.4 79

12:00 4500 9.8L 1.2 338.0 17.9 20.1 2

12:18 3600 9.09 1.2 78.0 - - -

15:00 3400 8.25 AR 37.0 17 21.2 72

14:00 3800 8.24 1.1 43.5 13.4 207 72

15:00 5400 4.99 0.7 62.5 18.9 2E3 73

16:00 - 5.04 - - 12.3 el g1

17:00 - - - - 18.9 21.3 g1

17:15 2700 5.76 5.9 S0.5 - - -

18:20 2800 8.53 1.1 41.0 18.3 24.3 76

Drop
el TND WIND CLJUD SUN SHOTOMETRY Sample (0)

TIME NIRECTTON SPEED COVER 0.4-1.1u A £.502u X CLOUD or
(GMT) (deg3> {m/s) FRACTION (ly/min: ¢0.01 'y/m:n)> COVER Casella (X)
3:44 *270 2.1

6:00 - - 3.30 = = = 0 X
7:00 = - 2.30 n.24 0.11 -

3:00 #* 2.9 0.3% 0.59 0.53 -

3:00 = = 0.35 n.84 n.76 - 0 X
16:08 = - 0.50 0.34 .78 -
11:00 - - n.70 0.93 1.00 thir 7 (in pluned 0X
12:00 - - 0.75 0.53 0.90 thin Ci

i2:18 - - 0.2 - - - 0X
13:00 - - 0.90 0.92 0.36 thin i

14:00 = = £.35 0.87 0.81 thin C:

15:00 - - 0.35 0.83 0.76 Gt 0X
1€:00 - - 0.30 0.52 0.30 Ci

17:00 - - 0.85 0.23 0.:1 o1
17-15 - = - - S =
15:20 - - 0.80 = = -
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DATE: NCTOBER 13, 1982

TOTAL ROYCO
PARTICLE CONC. WET BULB DRY EYL3
TIME CONC. >.3 pm Bscat veByY TEMF TEMP RH
LGMT) (#/cc) (#£/cc) x0.0001/m Ckm) (o)) > R)
6:00 3096 11.25 1.3 34.5 16.6 18.3 30
7:00 1300 i2.23 1.4 52.5 1€.7 19.1 79
2:00 2800 11.43 1.3 35.5 €99 18.9 g2
§:30 4300 10.55 1.2 37.0 - - -
2:00 3309 10.71 1.3 34.% 16.7 19.4 75
10:00 4000 8.63 1.2 39 16.7 19.5 75
11:00 1000 9.29 fo i 58.0 165.8 19.2 72
12:00 5400 10.33 1.4 33.0 15.7 20,0 Al
13: 00 6600 9.49 1.2 37.0 16.6 19.7 73
14:00 10000 9.49 | S 36.5 16.2 20.1 57
15:00 9500 10.50 1.1 43.5 16.7 20.3 63
16:00 - 10.73 n.2 52.0 16.7 20.4 =L
17:90 - - - - 16.7 20.2 71
17:30 5100 3.46 0.9 53.0 - - -
15:00 - 9.75 n.9 52.0 16.6 19.7 3
12:45 8000 10.66 0.° 50.5 - -
20:00 - 10.70 0.9 51.7 - - -
21:350 - 13.€0 1.0 47.4 - - -
22:30 - 14.70 1.0 44.7 - - -
28, - 14.10 1.1 43.4 - - Drop
WIND WING cLoub SUN PHY0OTCMETRY Sample (0)
TIM<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>